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1. INTRODUCTION 

Fundus photography involves activities to capture fundus images, which shows the inner posterior 
part of the eye, comprised of the retina, the optic disc, the macula as the main structures in a fundus image. 
Fundus image contains lots of information for ophthalmologists concerning many retinal alterations affected 
by ocular as well as extra-ocular diseases or health disturbances, such as glaucoma, macular degeneration, 
papil edema, retinal detachment, diabetic retinopathy, diabetic maculopathy, hypertensive retinopathy, 
etc [1]-[5]. Formerly fundus photography were seldom to be performed, as most ophthalmologists prefer to 
have direct funduscopy examination, however in the era of e-health and the development of electronic health 
records nowadays, there are greater tendencies to keep digital fundus images for later examinations as well as 
medical documentations. 

View of the posterior pole of retina is obtained by passing light rays through dilated pupil, and 
fundus image is then captured by using fundus camera, an apparatus designed based upon the former concept 
of ordinary direct ophthalmoscope. Fundus image to be obtained is circular in shape, but usually laid upon 
dark rectangular background as shown in Figure 1. When analyzing objects in an image, it is necessary to 
distinguish the objects of interest from the background [6], [7]. The dark background is not necessary for the 
ophthalmologists, whose Region of Interest (ROI) only include the circular fundus image. The objective of 
this study is to design digital image process to obtain the ROI of circular fundus image automatically. The 
background area can either be removed or filled with preferred colour of the ophthalmologist. We expect that 
the results will make it easier for the ophthalmologist to analyze and improve the accuracy of analyzing the 
objects in the processed fundus image. In the field of medical imaging, radiologists are more interested in 
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ROI than the entire image area, because it is part of the image that contains important information as an 
object of analysis [9]. In addition, the ROI measure can affect the sensitivity and specificity of the 
classification in the accuracy of the analysis [10]. 
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Figure 1. Normal fundus image structure [8] 


Here is some study that performs image processing on the selection of ROI on medical images. 
Aribi et al conducted a study of automatic ROI on the kidneys on the image scintigraphic images using 
HOG3D descriptor [11]. Shan et al used the ROI segmentation mask method on the liver in the image of 
Computerized Tomography Scan (CT-Scan) and the brain in Magnetic Resonance Imaging (MRI) [12]. 
Gaidel determines the ROI of the lung automatically on CT-Scan images using a heuristic image 
segmentation algorithm [13]. Sharma conducted a study to choose the correct size of rectangular ROI 
manually to differentiate between fat and dense tissue in breast image [10]. Similarly, Santony et al [14] and 
several studies of Na'am et al selectively selected ROI areas for medical images of the square [15]. Wu et al 
conducted a study to select ROI area automatically using the segmentation method in a brain image [16]. 

The following research is the use of ROI in fundus image processing to analyze various diseases. 
Many studies that define ROI based on processing needs by cropping [17-24]. Zahoor et al conducted a study 
of optical disc space ROI taking with Polar Transform method [25]. Haleem et al conducted a study of 
optical disc space ROI taking with Region Classification Model (RCM) [26]. Karusulu conducted a research 
to detect optical disk area automatically using Multi-level Thresholding method [27]. Mukherjee et al 
conducted a research to localize the optic disk region based on a parameterized membership function defined 
on the cluster regions and the predicted convergence point of the retinal vasculature [28]. From some 
research above, hence required a method automatically to determine ROI in fundus image. The goal is to 
further improve the objectivity and accuracy of the analysis in the fundus image. 


2. RESEARCH METHOD 

Many diseases that can be analyzed in the fundus image so that accuracy in image processing is 
important. One of the indicators to improve the accuracy of the image processing is to limit the image area to 
the required part only, which is the Region of Interest (ROI). The result of this study performs the automatic 
creating of ROI of the fundus image. 
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The sample to be processed consists of 13 fundus images of 13 patients in the Central General 
Hospital (RSUP) Dr. M. Djamil Padang. The images were captured by using a Nonmyd7 brand fundus 
camera of Kowa Company Ltd in Joint Photographyic Experts Group (jpg) format. Furthermore, the images 
were processed with Matlab R2017a software. Stages of the image processing are show in Figure 2. 


Threshold 


Figure 2. Stages of the process 


2.1. Threshold 


Threshold is the pixel grayscale value limit to distinguish the background of the object observed in 
the image. The equations used in this study are as follows: 


T multithresh(Im) 


sA (1) 
255 x uint(Im) 


where: T: threshold value 
multithresh : function to find many groups of gray 
Im : input image 
255 : maximum value of grayscale 
uint : bit of memory each grayscale value. 


2.2. Binarization 


The binary process is performed to convert a grayscale image pixel value between 0 to 255 to a 
binary image with a pixel value of 0 or 1. Conversion process based on the threshold value specified above. 
The equation is as follows: 


0, Im <T 
r. 


(r,c) 


bere) = (2) 
1, Im) >T 
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where: Ib: binary image 
r: row of pixel 
c: column of pixel 


2.3. Imcomplement 
Imcomplement process is reversing the image pixel value. The pixel value is 0 becomes | and the 
value 1 becomes 0. The equation is as follows: 


Ic = Im' (3) 
where: Ic: imcomplement image 


2.4. Infill 
Imfill process is used to equalize the pixel value surrounded by the same value. The equation is as 
follows: 


Ic(rc)> if (r,c)ison theborder 


of Icotherwise 
Il= (4) 


where: Il: imfill image 


2.5. Regionprops 
The process of regionprops serves to represent the object area in the image into a square (region) 
based on a set of pixels of value 1 (white). The Matlab statement is follows: 


Code of regionprops commands 

Input: // 

Output: tBox 
Initialization reg 
reg =regionprops(/1); 
tBox =reg.BoundingBox; 


2.6. Adjust Bacground 

Background adjust is converting the background pixel value to a value that does not affect for 
further image processing. Commonly, type of background pixel is using 0 for black or 255 for white, but can 
also use other types such as red, blue or green. The equation is as follows: 


nll(y,c)=1 


lay) (5) 
I rc) 


where: Ja: image result 
n: 0 for black or 255 for white 


2.7. Crop 
Crop is cutting the square-shaped area automatically to the image adjusted background. The area of 
crop is accommodated the regionprops result. The Matlab statement is follows: 


Code of crop commands 
Input: Ja, tBox 
Output: [roi 
Troi=imcrop(a, tBox); 
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3. RESULTS AND ANALYSIS 

There were 13 fundus images processed in this study at Dr. M. Djamil Hospital, Padang. However, 
only one of them is presented here. Specification of fundus camera and the examination is shown in Table 1. 
The fundus camera is connected to a Windows desktop with installed Kowa’s VK-2 digital imaging software, 
allowing automatic image saving for viewing at user’s convenience. The VK-2 digital imaging software 
capture and stores retinal photographs taken from Kowa retinal camera as well as images from other sources 
including a scanner. The shoots can be done at 3 internal fixation points, i.e. temporal, central, and nasal 
point to ensure better retinal coverage. Result of the shoots is shown in Figure 3. 


Table 1. Specification of Fundus Examinations [29] 


Category Description 
Design Reflective imaging using white light 
Pupil Nonmydriatic 
Field of view 40° 
Image sensor/display 12 MP digital camera 
Additional features Optic nerve head color, red-free images, pseudo-3D display 


(b) 


Figure 3. Shoot, (a) temporal, (b) central, (c) nasal [30] 


First the retina is illuminated by white light and being examined in full colour. Then the illumination 
light is filtered to remove red colours, which aimed to improve the contrast of vessels and other structures. 
Various fundus structures can be better visualized by using limited spectral range of the illumination light. 
Images to be generated in each step of the process can be seen in Figure 4. 

Figure 4.a shows the input image, which type is true colour, having 3696x2448 pixel. Further 
process was to calculate threshold value. Using this threshold value, the image was converted into a binary 
one. The binary image was saved into a new image with a new file name. The aim of this conversion was to 
change the value of the pixel in the interested object to 1 (white) so that the interested object can be 
distinguished from its background. The resulted image of this process is shown in Figure 4.b. 

The resulted binary image was then processed through imcomplementing. Imcomplementing 
process reversed the pixel value from 0 to 1 and from 1 to 0. The resulted imcomplement image is shown in 
Figure 4.c. The aim was to map the pixel in interested object into the imfill process. The imfill process aims 
to convert all the pixels surrounded by pixels of 0 value in the interested object to 0. So the whole pixel of the 
interested object became 0. The result of this process can be seen in Figure 4.d. 


(a) (b) (c) (d) 


Figure 4. Images in the process, (a) input image, (b) binarization image, (c) imcomplement image, 
(d) imfill image 


The next process is the background process of the input image. All pixels in the same input image 
position as imfill image with pixel value equal to 1 were then converted to a constant value. The value of this 
constant determines the colour of the background part in the input image. The background pixels value can 
be converted according to the user’s volition. White with the element of pixel value Red=255, Green=255, 
and Blue=255. Black with the element of pixel value Red=0, Green=0, and Blue=0. Red with the element of 
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pixel value Red=255, Green=0, and Blue=0. Green with the element of pixel value Red=0, Green=255, and 
Blue=0. Blue with the element of pixel value Red=0, Green=0, and Blue=255. 

The imfill image was also processed to obtain the ROI matrix. First, the imfill image was converting 
to imcomplement and taken the matrix area containing the object of posterior retina only by using 
regionprops command. Furthermore, the input image has been converted background value crop in 
accordance with the results of regionprops as the area of the interested object. The results of final process can 
be seen in Figure 5. 


(a) (b) (c) (d) (e) 


Figure 5. Image of an automatic ROI result, (a) white background, (b) black background, (c) red background, 
(d) green background, (e) blue background 


The final result image in this processing is the ROI object on a square area. Because digital images 
stored in the 2-dimensional matrix while the fundus is in a circular shape, so this digital image still contains a 
minimal background area that is not part of the medical image. These background pixel values are adapted to 
the next process so as not to affect for next image processing of posterior retina. 

There are a lot of definitions for the Region of interest (ROI) of medical image, which mainly 
depend upon the intention of the researcher for further study. A common-purpose definition of ROI of 
medical image can be stated as a subset of a medical image, identified for a particular purpose. In the 
funduscopy examination, it can be done just as part of a routine physical examination. However, most of the 
time, the ophthalmologist may have a certain purpose to check the fundus image. Fundus imaging can serve 
as a critical adjunct to the diagnosis, monitoring, and treatment of numerous ocular, as well as general 
diseases [31]. Screening of the retina by fundus photographyy may detect ocular diseases, such as macular 
degeneration, the first and third most important causes of blindness in the developed world. It may also detect 
complications of systemic diseases which also affect the retina, including diabetic retinopathy from diabetes, 
the second common cause of blindness in the developed world, hypertensive retinopathy from cardiovascular 
disease, and multiple sclerosis [32]. 


Figure 6. Fundus photography from a normal eye (left) and eye with age-related macular 
degeneration (right) [33] 


In general if the ophthalmologist has already known what he/she is looking for, ROI of fundus 
photography depends upon the function of the image for him/her. In most studies, ROI of medical image 
comprises just comprises a subset of a medical image. However, in fundus photography image, the whole 
part of the image that regarded as medical part is all can be seen through the pupil. Actually the outer part of 
the pupil includes iris with its pattern of vascularization, nevertheless strong illumination only emitted 
through pupil, while inadequate illumination to the iris makes it just being dark background, as if it is not any 
part of a medical image. 

Human pupil which will determine the circular form of the fundus is not always perfectly round. 
Although all of the fundus images in our sample seem in good circular form, we must create a program that is 
also applicable to fundus images which are not perfectly round. There are several methods in medical image 
processing that can be used to obtain the ROI. In the Related Work section we have mentioned several 
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methods of segmentation in image processing to obtain ROI of medical image [11-16]. We propose here a 
simple method of thresholding technique to partion the fundus photography into foreground (medical part) 
and background (non-medical part) and create an automatic cropping of the fundus image. Nevertheless, in 
our state-of-the-art knowledge to create automatic cropping in medical imaging, it will be quite difficult if 
not impossible to obtain a circular form of ROI of medical image. 

Hirano and Tsumoto (2004), using discretized attribute values were able to construct anatomically 
shape ROI of medical image captured by MRI or CT Scan apparatus. Yet the attributes actually split the 
medical image into 3 regions, the positive, the negative, and the boundary ones, hence they just create a 
rough representation of ROI [34]. 


4. CONCLUSION 

From the result of this study it is concluded that the process elaborated can automatically crop the 
interested object in the image obtained from fundus photography. We have successfully create a program to 
automatically cropping fundus photography for general purpose intention. The cropping result is the region 
of interest (ROI) of the fundus image. It makes us easier to crop the next image with the aim to analyze the 
retinal disturbances. So this research will be useful for researchers to perform fundus image processing in 
analyzing patient illness. 
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